In recent years, material flow cost accounting (MFCA) has gradually been recognized in Asia by the standardization of ISO 14051 and 14052 and by the project of dissemination undertaken by the Asian Productivity Organization (APO). However, MFCA is still not used across the board. This study analyzes the characteristics of material flow (MF) management to facilitate the expanded use of MFCA. The research framework of this study investigates the degree of MF management and the sequential relationships among financial factors, MF management, and waste performance, based on a questionnaire survey of non-financial listed companies in Thailand. Fifty-eight percent of the respondent firms answer that they are managing MF information (self-rating). Meanwhile, 50%, 49%, 29%, and 24% of the firms actually disclose the amounts of total waste, hazardous waste, raw materials consumed, and recycled waste, respectively. The results of this study show that respondent firms with MF management (self-rating) are more likely to manage/disclose total waste, hazardous waste, and raw materials consumed than those without it. In terms of financial factors, cost ratio and profitability are likely to affect firm decisions regarding whether to manage the MF. Additionally, MF management is likely to decrease the hazardous waste ratio. The series of results shows that firms in Thailand are more likely to be concerned about hazardous waste management than resource efficiency. Therefore, hazardous waste should probably be thoroughly managed, as a preliminary step in the promotion of MFCA.
Introduction
As the International Organization for Standardization (ISO) has standardized ISO 14051 and 14052 for material flow cost accounting (MFCA) (ISO, 2011 (ISO, , 2017 , mechanisms for companies to manage their material flow (MF) have been gradually put in place in recent years. MFCA is an accounting method that directly connects to resource efficiency and can bring cost reduction.
Expanding the use of MFCA is an important issue for sustainability, improving resource efficiency at the corporate and even the country level (c.f., Sustainable Consumption and Production [SCP] in Sustainable Development Goals proposed by the United Nations; United Nations Development Program, 2015) . In recent years, the Asian Productivity Organization (APO), supported by the Japanese Ministry of Economy, Trade, and Industry (METI), has conducted a project to expand the use of MFCA in Asia (APO, 2012 and . In Thailand, MFCA programs and promotion activities have been conducted mainly at Chiang Mai University, and several case studies are progressing as well (Chompu-Inwai et al., 2015; Kasemset et al., 2013; Jakrawatana et al., 2016) . According to two surveys of the Japanese manufacturing industry (Kitada et al., 2016; Nakajima et al., 2013) , while MFCA has been gradually spreading, at least in Japan, it is not presently at the stage where it can become popular in Japan and other Asian countries (Kasemset et al., 2013) .
For MFCA-promoting policies, it is important to first investigate the company's MF management needs. The reason MFCA is not spreading more rapidly may be attributable to the fact that MFCA is simply underpublicized (e.g., its economic and management merits are unclear or unknown). If the introduction of MFCA is immediately beneficial, however, firms exposed to market competition will soon introduce MFCA to gain superiority over competitors. Thus, this study hypothesizes that firms may have little need or little foundation to introduce MFCA from a management perspective. MFCA usually requires all MF information about a company but often what type of MF information is actually managed and considered important is unknown (e.g., total, hazardous, and recycled waste and raw materials used). Also, the level of management control system (MCS) firms usually have in place as a foundation for MFCA/MF management is often unclear. Thus, this study posits that a better understanding of the needs of companies will help to spread MFCA.
Following the concept of MCS in the MFCA literature, the five-stage MFCA model is proposed by Rieckhof et al. (2015) to improve resource efficiency as an aspect of corporate strategy.
By referring to this model, this study presents an analytical framework for examining the current situation of MF management based on a questionnaire survey. The framework first investigates the degree of management of MF information (such as the amount of total waste) and then clarifies the sequential relationships among financial factors, MF management, and waste performance. This study surveys listed companies in Thailand. The reason for choosing Thailand is because Thailand is representative of emerging countries where MFCA is presently known to some extent. Also, its economic ties with Japan are strong (Ministry of Foreign Affairs of Japan [MOFA] , 2017) and hence it is relatively easy for APO to promote MFCA in Thailand.
According to the 101 responses from 596 target non-financial firms, 58% of the firms answer that they are managing MF information. This answer refers only to self-rating and does not necessarily indicate the actual situation of MF management. Meanwhile, 50%, 49%, 29%, and 24% of the respondent firms actually disclose the amounts of total waste produced, hazardous waste, raw materials consumed, and recycled waste, respectively. This indicates that firms in Thailand are more likely to be concerned about total waste and hazardous waste than about raw materials and recycled waste.
In terms of analytical results, this study finds that firms with MF information are more likely to disclose the total waste, the hazardous waste, and the raw materials than are those without it. In terms of financial factors, cost ratio (as the operation factor) and profitability affect whether firms choose to manage MF information. Finally, MF management decreases the hazardous waste ratio, among other indicators of waste performance, and the hazardous waste ratio is likely to have the scale of economy. This paper is organized as follows. Section 2 explains the background of MFCA literature and research in Thailand. Section 3 introduces the material and methods used in this study: the framework of the research, questionnaire survey, research procedure, and financial data. Section 4
shows the results of this study. Finally, Section 5 concludes.
MFCA literature and research in Thailand
MFCA is defined as "(a) tool for quantifying the flows and stocks of materials in processes or production lines in both physical and monetary units" (ISO, 2011) . MFCA was devised as part of environmental management accounting (EMA) and focuses "on a revised calculation of production costs on the basis of material flows" (Jasch, 2003) . The history of MFCA starts with a textile company in Southern Germany in the late 1980s (as detailed in Wagner (2015) (Kokubu and Kitada, 2015) .
MFCA is an accounting method that seeks to clarify the costs of products and wastes based on MF, aiming at improving resource efficiency (APO, 2014) . MFCA is essentially related to cost accounting, covering the cost of goods sold (COGS). In cost calculation, MFCA (ISO 14051) breaks COGS down into four costs: material cost, energy cost, waste management cost, and system cost.
These costs are further divided into the costs of positive and negative products, which are an ordinary product and a waste product, respectively. Note that regarding the recycling rate, an increase in the recycling rate in MFCA has little meaning because a series of costs will occur at the time of waste generation. Note also that regarding hazardous waste, MFCA has little to do with whether or not waste is hazardous.
To compile the MFCA literature review, a topic search was conducted in Web of Science (Thomson Reuters' journal database) with the keyword "material flow cost accounting," finding 35 journal articles published by 2017. Examining 24 (all published in the Journal of Cleaner Production) out of these 35 articles revealed that most of the articles are theoretical (models), case studies, and literature reviews and Wagner (2015) provide detailed information). Among the 24 articles published in the 2000s, Jasch (2003 Jasch ( , 2006 discusses MFCA as a component of EMA, raising two case studies: a pulp and paper company and a fictitious composite brewery in Austria. The remaining 22 articles were published from 2011 to the present, once ISO 14051 had been standardized. Bierer et al. (2015) , Christ and Burritt (2015) , and Schaltegger and Zvezdov (2015) provide a general discussion of MFCA. Additionally, Nakajima et al. (2013) conduct an MFCA survey in Japan. Rieckhof et al. (2015) review MFCA from the viewpoint of the four levers of control (LOC) in the field of MCS (Simons, 1994 (Simons, , 1995 .
MFCA development models and their application have been proposed in the following nine articles: life cycle assessment (LCA) and supply chain collaboration model (Nakano and Hirao, 2011) ; enterprise resource planning systems and MFCA (Fakoya and Van Der Poll, 2013) ; fit thinking based on the all seeing-eye-of-business (Bautista-Lazo and Short, 2013); a mathematical algorithm for MFCA with two examples (an aluminum rolling mill and an internal material cycle in a production system) (Schmidt, 2015) ; an integrated waste flow mapping method (Kurdve et al., 2015) ; a procedural model for the integrated use of life cycle costing and LCA (Bierer et al., 2015) ; MFCA and design of experiments concepts (Chompu-Inwai et al., 2015) ; extending the scope of MFCA concerning the modeling of energy flow ; a modified MFCA model for an iron and steel enterprise (Zhou et al., 2017) ; and the prioritization of waste recovery with consideration of hidden costs embedded in process streams (Wan et al., 2015) .
Regarding the application of MFCA, the following five articles provide a case study of MFCA: Kasemset et al. (2013) (a textile factory in Thailand); Kokubu and Kitada (2015) (three companies in Japan); Sulong et al. (2015) (a Malaysian automotive parts company); Jakrawatana et al.
(2016) (a cassava starch production system and ethanol production in Thailand); and Mahmoudi et al. (2017) (the wastewater treatment unit of the Tabriz Oil Refining Company in Iran). In addition, Jasch (2015) introduces the United Nations Industrial Development Organization (UNIDO) TEST approach, referring to approximately 100 case studies, but publishes only general results (because of confidentiality obligations).
One feature of these MFCA studies is that most focus on an individual firm (case study and model); however, the MFCA literature rarely conducts surveys and empirical analyses comparing companies. This study finds two surveys in Japan as described below, demonstrating that MFCA is not presently popular among Japanese manufacturing firms. Two analyses of the Japanese manufacturing industry, Nakajima et al. (2013) and Kitada et al. (2016) , have conducted questionnaire surveys of MFCA implementation. In Nakajima et al. (2013) , there were 356 responses from the listed manufacturing firms in Japan in 2012 (1561 firms; response rate: 22.8%). Results show that as of 2012, MFCA was known of by 88 out of 356 firms (24.7%) and had been introduced in 7 firms (2.0%). On the other hand, Kitada et al. (2016) conducted a similar survey in 2015 and received 250 responses.
They uniquely divide MFCA implementation into operational and strategic MFCA. They find that 43 of 250 firms (17.2%) answered that they were implementing strategic MFCA. Therefore, these two studies show that firms with MFCA are steadily increasing but have not yet spread across the board. (Kokubu and Nakajima, 2018) .
In Thailand, MFCA programs and promotion activities have been conducted mainly at Chiang Mai University (Chompu-Inwai et al., 2015; Kasemset et al., 2013) . APO also conducted a pilot project, including MFCA, in Thailand from 2013 to 2015 (APO, 2016) . This study finds three journal articles in the below about MFCA research in Thailand. Kasemset et al. (2013) apply MFCA to a small textile factory as a case study. Its cost percentages of positive and negative products were found to be approximately 84% and 16%, respectively. Similarly, Chompu-Inwai et al. (2015) apply MFCA to a wood-product manufacturing company. The cost percentages of positive and negative products were approximately 30% and 70%, respectively. Jakrawatana et al. (2016) analyze the starch and ethanol production of cassava processing. They find that, in terms of starch production, the material losses in business as usual (BAU) are 6±4% in washing/rasping, 49±11% in extraction/separation, and 48±13% in dewatering/drying. In terms of the ethanol production, similarly, the material losses in BAU are 59.5±2% in (chipping + sundry) + grinding/slurry and 94±40% in distillation/dehydration. Thus, Thailand is representative of emerging countries in Asia where MFCA is presently known to some extent. Also, it is relatively easy for APO to have a project for promoting MFCA in Thailand because its economic ties with Japan are strong. For Thailand, Japan is the largest investor and accounts for 22% of total foreign direct investment (79.6 billion Thai Baht [THB] (Haraguchi and Lall, 2015; Singkran, 2017) . In general, MFCA has not thus far been used in Thailand (Kasemset et al., 2013) . In order to fully promote MFCA, it is important to first investigate the needs of MF management from the company's perspective. Therefore, this study investigates the current status of MF management in Thailand through a questionnaire survey.
Material and Methods

Research perspective based on the five-stage MFCA model
Most of the extant MFCA literature focuses on individual studies (case studies and models) but often does not conduct actual surveys or empirical studies. More specifically, in Thailand, MFCA has gained gradual recognition but is still not presently popular among listed firms. Based on this background, this study aims to examine the primary research question of how MFCA can become more widely used through a questionnaire survey. The research framework of this study employs the model of Rieckhof et al. (2015) , as explained below. Note that Rieckhof et al. (2015) conducted a theoretical review and not an actual investigation. Therefore, the survey from this study will contribute to the work of Rieckhof et al. (2015) by providing supportive empirical evidence. However, in conducting the questionnaire survey, it is difficult for firms to answer detailed academic questions.
Therefore, this study investigates MF management in general. Rieckhof et al. (2015) MCS can be clustered into four LOC used by managers: beliefs system (defining, communicating, and reinforcing the basic values, purpose, and direction for the organization), boundary system (establishing explicit limits and rules), diagnostic control system (monitoring organizational outcomes and correcting deviations from preset standards of performance), and interactive control system (regularly and personally involving top managers in the decision activities of subordinates) (Simons, 1994 (Simons, , 1995 . In particular, the diagnostic and interactive control systems among the four LOC are important in the 1st stage and part of 2nd, and 3rd stages (i.e., integrating MFCA with traditional cost accounting and enhancing reporting), and all four LOC are important in the remaining 2nd and 3rd stages (i.e., deriving indicators for performance measurement and communicating across departments) and the 4th and 5th stages.
Before following Rieckhof et al. (2015) , this study directly asks whether MF management is conducted. This is the simplest question and can roughly capture the trend of MF management. One aspect of this question is that it is only self-rating. Therefore, based on this self-rating of MF management, this study creates a three-step research framework to determine the kinds of MF management being used, following Rieckhof et al. (2015) as described below.
Regarding the enabling stage (the 1st stage), this study examines what types of cost structure (financial factors) will affect MF management. Because a detailed cost structure is often unavailable due to the confidential nature of the information, this study investigates how financial factors in general work on MF management (through regression analysis).
Regarding the integrating and communicating stages (the 2nd and 3rd stages), this study first investigates the relationship between information system/reporting and MF management. If firms manage MF, the basic MF information (e.g., the amounts of waste, hazardous waste, the raw material used, and recycled waste) should be recorded using a firm's information system and can be disclosed to outside parties (although some firms may not disclose the MF information because it may be confidential). In deriving indicators for performance measurement (in the 2nd stage), this study analyzes the relationship between MF management and self-rating environmental performance (e.g., resource efficiency and total and hazardous waste). If MF management is tied to internal performance measurements, certain correlations between them are considered to be shown (positively or negatively).
Another important issue of MFCA/MF management is that it requires communication across departments (in the 3rd stage) (e.g., purchase, process, sales, and research and development [R&D] departments). In particular, hypothesizing that more advanced firms are more likely to carry out MFCA/MF management by communicating with the R&D department, this study verifies whether general and environmental R&D activities affect the implementation of MFCA/MF management.
MFCA/MF management is developed as high-level MCS such as the flow-thinking and learning stages (the 4th and 5th stages) but this study does not verify these high levels. We have conducted a pretest (in August 2017) and find that it is likely to be difficult for firms in developing countries to answer complicated questionnaire items.
Finally, MFCA/MF management can be used to improve resource efficiency as an aspect of corporate strategy. Here we confirm whether MFCA/MF management improves objective resource efficiency (e.g., material loss, hazardous waste rate, recycling rate, overall resource efficiency, etc.). This analysis examines whether MF management is used as a corporate strategy (for resource efficiency).
Research framework
Following the above research perspective, this study analyzes MF management in Thailand.
The focus is the following three steps: 1) the degree of MF information management; 2) the financial determinants of MF management; and 3) the impacts of MF management on actual waste performance. Figure 1 shows the research framework of this study.
Regarding step 1, this study investigates the actual state of MF management. We separate self-rating questions and actual management of MF information. Table 1 shows the 12 questionnaire items in this study. The question about self-rating MF management (Q1) asks whether or not companies manage MF information (answers: yes or no). The questions about objective assessment ask firms to disclose the total amounts of the following four items in the latest year: total waste produced (Q2), hazardous waste produced (Q3), raw materials consumed (Q4), and recycled waste (Q5) (answers: the number of metric tons or n/a). By comparing Q1 and Q2-Q5, it is possible to confirm how much of a divergence exists between self-rating and actual management. This serves to verify the integrating and communicating stages (the 2nd and 3rd stages) of the model (Rieckhof et al., 2015) as noted above. Note, however, that a limitation of this study is that there may be firms that do not want to disclose their confidential information to outside parties. An additional limitation of this study is that it cannot verify whether the disclosed values are correct.
As with other self-rating indexes, this study also asks about the strength of a company's environmental performance when compared to that of other companies: this includes resource efficiency (Q10), the efficiency of waste produced (Q11), and the efficiency of hazardous waste produced (Q12). These questions are asked using a Likert scale (1 to 5 (better)). Thus, we can judge how important MF management is by comparing the self-rating MF management (Q1) and these selfrating performance indexes (Q10-Q12).
Regarding step 2, from the viewpoint of MFCA, this study considers MF management to be closely related to financial factors. This verifies the enabling stage (the 1st stage) of the model (Rieckhof et al., 2015) as noted above. This is because raw materials are brought from suppliers, processed in operation, and made into the positive and negative products. The positive products are sold to customers (in the product markets) and the negative products (waste) are dealt with accordingly outside the firms. Furthermore, funds (generally from financial and stock markets) are necessary for these corporate activities. Thus, this study hypothesizes that financial factors may affect the MF management.
This study considers the following 7 financial items: COGS ratio (COGSR; COGS divided by revenue), total asset turnover ratio (TATR; revenue divided by assets), leverage (total assets divided by total equity), lnEquity (total equity in logarithm-form), return on assets (ROA; earnings before interest and tax [EBIT] divided by total assets), R&D ratio (RDR; R&D expenses divided by revenue
[%]), and environmental R&D ratio (EnvRDR; environmental R&D expenses divided by total R&D
The first five indicators (COGSR, TATR, leverage, lnEquity, and ROA) are taken from the financial data. COGSR is a proxy for the cost ratio and hence can be interpreted as an operation factor, because the MF information is essentially handled in the first place in operations. TATR is a proxy for the turnover ratio and can be interpreted as customer pressure: the greater the sales (the numerator), the more firms tend to be in contact with larger markets (potentially facing more powerful customers).
Thus, customers in the supply chain may require more stringent environmental management including MF management. Leverage can be interpreted as a proxy for financial market pressure. This is because firms with high leverage may be more conscious of risk management, including MF management, due to the need for additional evaluation from the financial markets. lnEquity is a proxy for firm size, based on the hypothesis that economies of scale may work for MF management. ROA is a proxy for profitability, based on the hypothesis that companies with more of a margin are more likely to adopt MF management. The remaining two items, RDR and EnvRDR, are proxies for general and environmental progressiveness, respectively, hypothesizing that MF management becomes more important in advanced activities such as R&D. Such activities are often not actively disclosed in developing countries; therefore, this study asks directly about R&D expenses (Q6 and Q7) and the environmental R&D percentage (Q8 and Q9). As with Q1 to Q5, Q6 and Q8 are self-rating questions about whether companies conduct R&D and environmental R&D, respectively. Meanwhile, Q7 and Q9 ask companies to disclose the actual R&D expenses and EnvRDR.
Regarding step 3, this study analyzes how MF management affects actual waste performance. This serves to verify whether MF management is used as high-level MCS (the flowthinking and learning stages [the 4th and 5th stages]) to improve resource efficiency as part of corporate strategy in Rieckhof et al. (2015) as noted above. This analysis is based on the hypothesis that if MF management is done appropriately, it may lead to some improvement in waste performance.
This study checks the following four indexes: waste per raw materials (WasteR), hazardous waste ratio (hazardous waste divided by total waste [HazR]), recycled waste ratio (recycled waste divided by total waste [RecR]), and the data envelopment analysis (DEA) score for total waste efficiency (see
Supplementary material).
WasteR is the waste ratio of raw materials (material loss), and is the most important value in MFCA, indicating the proportion of negative products. This value usually takes 0-100% (the lower, the better) and may exceed 100%, depending on outliers of the year. HazR is the proportion of hazardous waste (0-100%; the lower, the better). The management of hazardous waste may be more important than waste efficiency in developing countries. This is because hazardous waste may lead to local pollution and accidents. RecR is the percentage of recycling (0-100%; the higher, the better).
Usually, the recycling rate is considered important for approaching the zero-emission process (in a narrow sense, within a company).
These three ratios do not take into consideration the company's financial factors. Given the idea of MFCA, it would be more appropriate to estimate overall waste efficiency by considering financial factors. Therefore, this study estimates overall waste efficiency by using a non-parametric productivity indicator in the form of DEA. This study adopts Kuosmanen weak disposability technology under variable returns to scale (VRS), as in (see Supplementary material). The model in this study estimates the productivity indicator that maximizes sales (a desirable output) and minimizes total waste (an undesirable output) at the same time, given COGS and total assets as the two inputs. The DEA score takes a value from 0 (efficient) to 1 (inefficient), indicating by what percentage sales can be increased while waste is being reduced (note that this study estimates the DEA score using all observed firms as the common decision-making units
[DMUs]).
Step 3 uses regression analysis to examine whether MF management (Q1, self-rating) and the scale factor (the amount of waste from Q2) improve waste performance (WasteR, HazR, RecR, and DEA score). This analysis is based on the hypothesis that there may be some improvement if certain firms in Thailand manage MF information (Q1) properly. This study also hypothesizes that the waste amount may be important for waste performance (due to the scale of economy).
Questionnaire survey in Thailand
This study conducts a questionnaire survey by mailing to listed firms in Thailand (it was Table 2 shows the response rates. We have conducted the pretest for 11 selected firms in August 2017 and modified the question items based on the pretest result so that firms 1 Retrieved from https://www.set.or.th/en/company/companylist.html [accessed Feb. 2018] can respond easily. This study sent questionnaires to all 596 firms between the 1st and 20th October, 2017 and followed up with phone calls made between the 15th and 22nd November, 2017. It received 101 responses, mostly by 30th November, 2017 (response rate: 16.9%).
Regarding the total 101 responses, the numbers of corporate departments that answered the questionnaire are as follows: 37 departments of safety, health, and environment (or security), 8 departments of corporate social responsibility (or sustainability management), 23 departments of human resources (or human development resources), 14 departments of miscellaneous production (quality or control; waste; production; operation; engineering; factory; miscellaneous engineer or scientist), 2 departments of logistics (logistics; packaging), 11 departments of general affairs and accounting (business [general]; accounting; investor relations; audit; secretary; building and location), and 6 anonymous departments (no information). Similarly, the numbers of positions which answered the questionnaire are as follows: 1 chief executive officer, 3 director (or head) levels, 11 manager (or vice manager) levels, and 86 anonymous positions (no information). Note that among the 101 respondents, the names of those who answered the questionnaire are disclosed for 96 respondents and are not disclosed for 5 respondents (anonymous).
Research procedure (steps 0 to 3)
The research strategy of this study consists of the following four steps (see Figure 1) . Step 0 is a check for sample selection.
Step 1 is a comparison of the self-rating for MF management (Q1) and the other management items (Q2 to Q12).
Step 2 is a regression analysis to determine whether financial factors influence MF management.
Step 3 is a regression analysis to determine whether MF management affects waste performance.
In step 0 (as a preliminary), this study targeted the 596 non-financial firms in Thailand and received 101 responses; therefore, there are 495 censored and 101 uncensored observations. If there is a difference between these two groups, sample selection bias may occur. This study first performs a t-test to see whether there is a difference between the averages of the two groups in terms of the following five financial items: revenue, COGS (as a cost), EBIT (as a profit), total assets, and total equity.
Step 1 compares the self-rating for MF management (Q1) and the other management items (Q2 to Q12) to clarify the characteristics of the self-rating for MF management. This study first compares the self-rating (Q1) and the actual MF disclosure (total waste, hazardous waste, raw materials consumed, and recycled waste, from Q2 to Q5) through chi-squared tests using two-by-two tables. If there is a statistically significant and positive difference, it indicates that firms implementing MF management tend to actually manage/disclose the corresponding MF.
Step 2 tests whether the financial factors affect MF management by conducting a regression analysis. It considers 5 objective variables, namely DumQ1 to DumQ5, which correspond to each of Q1-Q5. DumQ1 to DumQ5 are all dummy variables taking a value of either 0 or 1. DumQ1 takes 1 if Q1 (about MF management) is yes and 0 if not. DumQ2, DumQ3, DumQ4, and DumQ5 take 1 if total waste (Q2), hazardous waste (Q3), raw materials consumed (Q4), and recycled waste (Q5) are disclosed, respectively, and 0 if not (i.e., n/a or no answer). Let probability p be the probability that each of DumQ1 to DumQ5 takes 1:
Setting the logarithm-form of the odds ratio of p as the objective variable, the logistic regression model (using the maximum likelihood estimation) is formulated as follows:
Note that RDR and EnvRDR will be 0 (%) when there is no answer in the questionnaire survey (Q7 and Q9), because R&D activities are often less than popular in Thailand. DumMai is a market dummy for Mai, controlling for the effect of market heterogeneity. DumSectork is the dummy variable for the k-th sector, setting the technology sector (which has the fewest observations [obs]) as the base among the seven total sectors.
Step 2 also analyzes whether financial factors increase the amount of waste itself. Because waste emission is based on corporate activity, this study expects that it may be affected by financial factors. Data comes from the amount of waste that was disclosed in Q2; therefore, the set of observations (50 obs in total) has missing values. Note that because it examines waste-emitting firms, this study excludes one company that answered 0 tons in Q2. The regression model is expressed by the following ordinary least squares (OLS) regression, using the same independent variables as in 
lnWaste denotes the total amount of waste produced, in logarithm-form. ε denotes an error term.
Step 3 examines whether MF management (Q1; DumQ1) affects corporate waste performance: WasteR (from Q2 and Q4), HazR (from Q2 and Q3), RecR (from Q2 and Q5), and DEA score (from Q2). Also, this step tests the scale of economy in terms of the amount of total waste (lnWaste from Q2). The regression model is expressed by the following OLS regression:
DumQ1 (as in Equations 1) is a dummy variable representing MF management (1: yes, 0: no or no answer). ε denotes an error term. Note that the waste performance indexes are based on the questionnaire survey and therefore that the number of observations is lower than the 101 responses:
26, 45, 20, and 50 observations for WasteR, HazR, RecR, and DEA score, respectively.
Data
The financial data used in this study comes from the Bloomberg Professional Service. This study uses the financial data for 2016 because little data is available for 2017, as of February 2018. particularly in the field of psychology, to determine whether a scale score measurement has internal consistency among those question items. However, this study does not adopt the scale score measures and these reliability tests. Tables 4 and 5 show the survey results from Q1 to Q9 and Q10 to Q12, respectively. In Table   4 , 59 firms (58%) answer yes to whether they manage MF information (Q1). Meanwhile, the numbers of firms which disclose the actual values are 51 (50%) for total waste (Q2), 49 (49%) for hazardous waste (Q3), 29 (29%) for raw materials consumed (Q4), and 24 (24%) for recycled waste (Q5). From these answers, information about total waste and hazardous waste is relatively easy to disclose/manage, while that for raw materials and recycled waste is not.
Results
Check for sample selection bias (step 0)
Regarding Q6 to Q9, 41 and 23 firms (41% and 23%) reported that they conduct general (Q6) and environmental (Q8) R&D activities, respectively. When asking for the actual value, 25 firms (25%) provide the R&D expense (Q7), whereas 13 firms (13%) provide the percentage of the environmental R&D (Q9). Thus, there is a gap between self-rating R&D implementation (Q6 and Q8) and actual disclosure (Q7 and Q9).
In Table 5 , the modes of the resource efficiency (Q10), the efficiency of waste produced (Q11) and the efficiency of hazardous waste produced (Q12) are 3 (42 firms), 4 (41 firms), and 4 (40 firms), respectively. The average values are 3.608, 3.566, 3.582, respectively. This implies that on average, these three efficiencies are similar to each other.
Chi-squared test and t-test (step 1)
In step 1, Tables 6 and 7 show the results of the chi-squared test for Q2 to Q9 and the t-test for Q10 to Q12, respectively. Table 6 consists of multiple two-by-two tables from Q2 to Q9, comparing Q1. The columns of Table 6 divide the number of responses based on whether they are yes or no (or no answer) for MF management (Q1). Similarly, the rows of the table divide the number of responses based on values disclosed or n/a (or no answer) for Q2, Q3, Q4, Q5, Q7, and Q9 and based on whether they are yes or no (or no answer) for Q6 and Q8.
As a result, the chi-squared statistics are estimated as follows: 8.471 for total waste (Q2);
8.878 for hazardous waste (Q3); 3.281 for raw materials (Q4); 0.882 for recycled waste (Q5); 4.310
for R&D activity (self-rating, Q6); 0.567 for R&D expenses (Q7); 0.567 for environmental R&D activity (self-rating, Q8); and 0.924 for environmental R&D percentage (Q9). Given the degree of freedom of 1, the statistically significant differences are found in total waste (Q2), hazardous waste (Q3), raw materials consumed (Q4), and R&D activity (Q6). This indicates that firms with self-rating MF management are more likely to manage these 4 items than those without it. Table 7 shows the results of the t-test, examining whether the firms with MF management (Q1) believe they are more efficient than those without it. Regarding resource efficiency (Q10), total waste production (Q11), and hazardous waste production (Q12), the average values are 3.679, 3.649, and 3.679 for the firms with MF management and 3.538, 3.475, and 3.475 for the firms without it, respectively. T-values are −0.775, −0.950, and −1.078 for Q10, Q11, and Q12, respectively, indicating that there is no statistically significant difference between the firms with and without MF management (Q1). Table 8 shows descriptive statistics for regression analyses in steps 2 and 3. The number of observations is 99 for DumQ1 to DumQ5, the financial variables and dummy variables (e.g., DumMai), because of two missing values for the financial variables among the 101 respondent firms. Note that the maximum value of RecR is 1 (100%), which excludes an outlier (160,965%). Table 9 shows the result of the logistic regression model for DumQ1 to DumQ5 (columns 1 to 5, respectively). The coefficient of COGSR is statistically significantly positive for DumQ1 and DumQ3 (columns 1 and 3). This indicates that the operation factor encourages MF management (Q1) and improves the disclosure of hazardous waste (Q3). The coefficient of TATR is statistically significantly negative for DumQ3 (column3). This means that customer pressure discourages corporate disclosure of hazardous waste. The coefficient of ROA is statistically significantly positive for DumQ1 and DumQ3 (columns 1 and 3). This indicates that business margin (profitability)
Regression model: financial factors and MF management (step 2)
promotes MF management and improves the disclosure of hazardous waste. In addition, leverage, lnEquity, RDR, and EnvRDR are not statistically significant. Table 9 also shows the results of regression analysis which tests whether financial factors cause an increase in total waste. Column 6 does not consider the dummy variables of market and sector, whereas column 7 does. The coefficient of lnEquity is statistically significantly positive for lnWaste in both columns 6 and 7. As is intuitive, this shows that firm size is related to an increase in waste.
The coefficient of EnvRDR is statistically significantly negative for lnWaste in column 7. This indicates that firms with a higher percentage of environmental R&D have a lower amount of waste. Table 11 shows the results of regression analysis for the following four indexes of waste performance: WasteR (columns 1 and 2), HazR (columns 3 and 4), RecR (columns 5 and 6), and DEA score (columns 7 and 8). Columns 1, 3, 5, and 7 do not consider the dummy variables of market and sector, whereas columns 2, 4, 6, and 8 do. The coefficients of DumQ1 (dummy for the MF management) and lnWaste are statistically significantly negative for HazR (columns 3 and 4). This indicates that MF management tends to have a decreasing effect on (i.e., improves) hazardous waste ratio. The larger the scale (lnWaste), the lower the hazardous waste ratio (i.e., the scale of economy works). In addition, MF management and lnWaste have no significant effect on WasteR, RecR, and DEA score (columns 1, 2, 5, 6, 7, and 8).
Regression model: MF management and waste performance (step 3)
Discussion of the results
This study summarizes the results and the implications to the literature as follows. It first shows 58% of the respondent firms confirmed that they are managing MF information, and this rate appears much higher than the rates at which Japanese firms conduct MFCA (2% in Nakajima et al.
(2013) and 17.2% in Kitada et al. (2016) ). This indicates that MF management itself is much more widely used than MFCA.
Regarding the enabling stage (the 1st stage) of Rieckhof et al. (2015) , this study (step 2) reveals that the cost ratio and profitability affect a firm's decision to implement MF management.
Therefore, MF management in Thailand is likely to reach the enabling stage.
Regarding the integrating and communicating stages (the 2nd and 3rd stages) of Rieckhof et al. (2015) , this study (step 1) shows that MF management (Q1) is positively correlated to the disclosure of total waste produced (Q2), hazardous waste produced (Q3), and raw materials consumed (Q4). This indicates that MF management in Thailand tends to be integrated with the information system, thereby enhancing reporting in terms of total waste, hazardous waste, and raw materials.
Meanwhile, MF management (Q1) is positively correlated to self-rating general R&D activity (Q6), but is not statistically correlated to the other R&D activities (Q7 to Q9). In addition, MF management (Q1) is not statistically correlated to the self-rating performance measurement (Q10 to Q12). This indicates that MF management in Thailand is not likely to reach the level of communication across departments (in particular, communication with the R&D/technology department) and the level of deriving (internal) indicators for performance measurement. In other words, it implies that MF management in Thailand employs the diagnostic and interactive control systems among the four LOC but does not tend to utilize the beliefs and boundary systems in the integrating and communicating stages. As to the limitations, this study does not verify the flow-thinking and learning stages (the 4th and 5th stages) as described above.
Regarding objective resource efficiency (as an aspect of corporate strategy), this study (step 3) demonstrates that MF management (Q1) decreases the hazardous waste rate but has no effect on other waste performance measures. This indicates that MF management is not likely to be used to improve resource efficiency (as the corporate strategy) with the exception of the hazardous waste rate.
Conclusions
This study analyzes the characteristics of MF management in order to expand the use of MFCA and proposes an analytical framework linking the financial factors, MF management, and waste performance. It surveys the listed non-financial firms in Thailand and applies the analytical framework to the 101 respondent firms. The results show that MF management in Thailand is probably best employed for waste management, and in particular for hazardous waste management. The implication for industrial policy in Thailand is that corporate MF management should take steps to adopt MFCA. Hazardous waste should probably be thoroughly managed, as a preliminary step in the promotion of MFCA. Following this, it would likely be more effective to then promote MFCA as a next step. If hazardous waste is not firmly managed, there is a high risk that other materials will also not be well managed. The results of this study (step 2) suggest there is a possibility that the supply chain management, including the operation factors (inside the company) and customer pressure (outside the company) can encourage hazardous waste management; therefore, supply-chain management will play an important role in the management of hazardous waste. Once a particular firm establishes an information management system for hazardous waste, other materials are likely to be managed as well due to the scope of economy. In particular, the management of material loss (the raw materials) is not much practiced and should be strongly promoted. This is because MFCA is a tool for material loss and productivity improvement, as in the efforts of the Vietnam Productivity Center (Kokubu and Nakajima, 2018) . Thus, this study argues that the best way to spread MFCA will be seen after firmly promoting hazardous waste and raw material management.
The implication for the extant literature is that MF management in Thailand appears to partially reach the enabling, integrating, and communicating stages of Rieckhof et al. (2015) .
Meanwhile, it seems to lack in deriving indicators for performance measurement and communicating across departments (part of 2nd and 3rd stages). In other words, it appears deficient in terms of its extended focuses on all four LOC, including not only diagnostic and interactive control systems, but also beliefs and boundary systems. In addition, it does not to lead to improvements in resource efficiency as part of a corporate strategy (with the exception of the hazardous waste rate). In this way, MF management in Thailand appears to have the potential to develop to a higher stage beyond its present position.
In terms of the limitations of this study, it does not verify detailed academic issues about MCS for MF management (such as the flow-thinking and learning stages) because they are likely to be difficult for firms to answer (particularly in developing countries including Thailand). Therefore, the questionnaire items and research framework have room for improvement. As a matter of course, it is essential to investigate not only Japan and Thailand, but also other countries, in order to ensure the robustness of the findings. Also, importantly, this study does not explore specific policy discussions about how to make use of the findings from the this study in concrete terms. These remaining issues are not addressed in this study but they are expected to be gradually resolved as additional survey results accumulate. Notes: The value of total waste (Q2) includes 1 observation stating 0 tons. Average value of total waste excluding this response is 21795.9 tons (50 firms). Values are disclosed 6 7 0.924 0.337 n/a (or no answer) 53 35 Notes: ***, **, and * denote statistically significant levels of 1%, 5%, and 10%, respectively. Chi-squared tests are based on a degree of freedom of 1. respectively. ***, **, and * denote statistically significant levels of 1%, 5%, and 10%, respectively. LR chi 2 is the statistics for the likelihood ratio chi-squared test checking if there is no effect from all independent variables. F value is the F statistic testing if there is no effect from all independent variables. respectively. ***, **, and * denote statistically significant levels of 1%, 5%, and 10%, respectively. F value is the F statistic testing if there is no effect from all independent variables.
